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ABSTRACT OF THE DI SCLOSURE 
The subject invention relates to mutant subtil isin proteases 
having substitution in at least 1 amino acid residue and to 
their use in anionic-rich, high-pH detergent compositions in 
view of the enhanced protease stability they provide. 
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ANIQHIC-RTOi . HIGH-nH liquid n ft f u g fmt ^ j,^,^ 

CONTAINING SUBTIl.TSf fl MUTAMTfl 

BACKGROUND AND pptqr art 

This invention relates to high-anionic, hlgh-pH liquid 
detergent compositions containing mutant protease enzymes 
which provide enhanced stability. 

The modification of subtilisin proteases by substitution at 
an amino acid site is known in the art. US-A-4 760 025, 
assigned to Genencor, foi example, claims subtilisin mutants 
with amino acid substitutions at amino acid sites 32, 155 
104, 222, 166, 64, 33, 169, 217 or 157 which are different 
from subtilisin. naturally produced by B. a B vi fl n ritfirhni 
These amino acid substitutions are said to lead to increased 
oxidation stability of the protease. 

WO 87/04461, assigned to Aagen, discloses the substitution in 
Bacillus subtilisins of alternative amino acids (i.e. serine, 
valine, threonine, cysteine, giutamine and isoleucine) for 
ASN, GLY or ASN-GLY sequences (specifically at position 218) 
These mutations are said to increase the stability of the 
enzyme at high temperatures or over a broader P H range than 
the wild type enzyme, wo 88/08033, also to Amgen, claims 
mutations which modify calcium-binding capacity (to replace 
an amino acid with a negatively charged residue such as ASP 
or GLU) and optionally a deletion and/or replacement of 
either residue of ASN-GLY sequences which results in better 
PH and thermal stability and higher specific activities. The 
reference claims that sites 41, 75, 76, 77, 78, 79, 80, 81 
208, and 214 may be replaced by a negatively charged amino' 
acid and ASN may be replaced by SER, VAL, THR, CYS, GLU, or 
ILE in ASN-GLY sequences. 

EP-A-342 177 (Procter 4 Gamble) discloses compositions 
comprising a protease with a specific mutation and having a 
pH between 7.0 and 9.0. 
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These references do not disclose anionic-r ich, hiqh-pH 
detergent compositions comprising the subtill.in mutants of 
the subject invention or the advantage, provided by the use 
of these mutants in these detergent compositions. 

WO 89/09819 (corresponding to US-A-4 980 288), assigned to 
Cenex, discloses the subtilisin mutants which are used in the 
liquid detergent compositions of the invention. Although the 
use of mutants in washing preparations is disclosed (Claims 6 
and 7), there is no teaching of the use of these mutants in 
anionic-rich, high-pH compositions. In particular, there is 
no disclosure of the use of these mutants in specific 
detergent compositions and no teaching or disclosure that the 
mutant enzymes will have enhanced stability in these 
specifically defined compositions. 

SUMMARY OF THE TNVPM Tm 

The subject invention provides liquid detergent compositions 
comprising: 

(1) from 5% to 65% by weight anionic surfactant or 
anionic surfactant and one or more detergent-actives wherein 
the ratio of anionic to non-anionic is greater than l:i; 

(2) from 0% to 50% by weight builder; 

(3) a mutant subtilisin protease added in sufficient 
quantity to have an activity level of 0.01 to 100,000 GU/g 
having substitutions in 1 or more amino acid residues 
compared to wild type subtilisin or commercially available 
subtilisin; and 

(4) remainder water and minor ingredients. 

The P H of these compositions ranges from 9 to 12. preferably 
from 9.5 to 11. 

According to the invention, when c rtain modified mutant 
subtilisin proteases are used in the above-identified 
anionic-rich, high-pH detergen. compositions of the 
invention, enhanced stability is observed. 



Q ETA I LED DESCRIPTION o F th e INVENTTOH 
D«tt>raent-Activ« 

The compositions of the invention comprise from about 51 to 
about 65% by weight of anionic surfactant or anionic 
surfactant and one or more detergent-actives wherein the 
ratio of anionic to non-anionic is greater than 1:1. 
Preferably, the compositions of the invention may comprise 
from 5-25% anionic and preferably from 10-2% anionic; and 
from 5-15% preferably from 7-io% nonionic surfactant. 

The detergent-active material other than anionic surfactant 
may be an alkali metal or alkanolamine soap or a 10 to 24 
carbon atom fatty acid, including polymerized fatty acids, or 
a nonionic, cationic, zwitterionic or amphoteric s/nthetic 
detergent material, or mixtures of any of these. 

Examples of the anionic synthetic detergents are salts 
(including sodium, potassium, ammonium and substituted 
ammonium salts) such as mono-, di- and triethanolamine salts 
of 9 to 20 carbon alkylbenzenesulphonates, 8 to 22 carbon 
primary or secondary alkanesulphonates, 8 to 24 carbon 
olefinsulphonates, sulphonated polycarboxylic acids prepared 
by sulphonation of the pyrolyzed product of alkaline earth 
metal citrates, e.g., as described in GB-A-l 082 179, 8 to 22 
carbon alkylsulphates, 8 to 24 carbon alkylpolyglycol-ether- 
sulphates, -carboxylases and -phosphates (containing up to 10 
moles of ethylene oxide) ; further examples are described in 
"Surface Active Agents and Detergents- (Vol. I and II) by 
Schwartz, Perry and Berch. Any suitable anionic may be used 
and the examples are not intended to be limiting in any way. 

Examples of nonionic synthetic detergents which may be used 
with the invention are the condensation products of ethylene 
oxide, propyl ne oxide and 'or butylene oxide with 8 to 18 
carbon alkylphenols, 8 to ; 8 carbon primary or secondary 
aliphatic alcohols, 8 to 18 carbon fatty acid amides; further 



examples of nonionics include tertiary amine oxides with 8 to 
18 carbon alkyl chain and two 1 to 3 carbon alkyl chains. The 
above reference also describes further examples of nonionics. 
The average number of moles of ethylene oxide and/or 
propylene oxide present in the above nonionics varies from 
1-30; mixtures of various nonionics, including mixtures of 
nonionics with a lower and a higher degree of alkoxy lat ion, 
may also be used. 

Examples of cat ionic detergents which may be used are the 
quaternary ammonium compounds such as alkyldimethyl ammonium 
halogen ides. 

Examples of amphoteric or zwitterionic detergents which may 
be used with the invention are N-alkylamino acids, 
sulphobetaines, condensation products of fatty acids with 
protein hydrolysates; but, owing to their relatively high 
costs, they are usually used in combination with an anionic 
or a nonionic detergent. Mixtures of the various types of 
active detergents may also be used, and preference is given 
to mixtures of an anionic and a nonionic detergent active* 
Soaps (in the form of their sodium, potassium and substituted 
ammonium salts) of fatty acids may also be used, preferably 
in conjunction with an anionic and/or nonionic synthetic 
detergent. 

Builders 

Builders which can be used according to this invention 
include conventional alkaline detergency builders, inorganic 
or organic, which can be used at levels from 0% to about 50% 
by weight of the composition, preferably from 1% to about 20% 
by weight, most preferably from 2% to about 8%. 

Examples of suitable inorganic alkaline det rgency builders 
are water-soluble alkalimetal phosphates, polyphosphates, 
borat s, silicates and also carbonates. Specific examples of 
such salts are sodium and potassium triphosphates. 
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pyropho.phat... orthopho.phat... hexa.ctapho.phat.. 
tetraborate.. iiUcatti and carbonate.. 

Example, of .ultabl. organic alkaline d.t.rqancy builder 
-It. art: (i, vater-.olubl. a.lno polycarboxylate. • q 
•odium and pota..ium •thylenedlamlnetetraacee.te. 
nltrllotrlacetat.. and N-(2 hydroxy.thy l> -nit* i lodlacetate.- 
(2) wat.r-.olubl. .alt. of phytic acid. e.g. ^odiu. and ' 
pota..lu« phytat.. (... us-A-2 379 942,; (3, % at.r-.olubl. 
polypho.phonate.. Including .pacifically. .od ;u .. pota..lu« 
and Ixthium .alt. of ethan.-i-hydroxy- 1 , 1-dlpho.phonlc acid; 
.odlua. P ota..ium and ixthiu. .alt. of ..thyl.n. dlpho.phonlc 
acid; .odlu». pota..lu« and llthlu. .alt. of .thylene 
dipho.phonic acid; and .odium. pota..iu. and lithium ,alt. of 
•than.-i #1 , 2 - trl P ho.phonlc acid, oth.r example, include th# 
alkali metal ..it. Q f ethan.-2-c.rboxy-i . l-dlp„o.phonic acid 
hydroxym.than.dlpho.phonlc acid, carboxyldiphoapnonic acid. 
.than-i.hydroxy-l.i. 2 . trlpnospnonlc acid# . tnan .. 2 . nyd 
1. ,2-tri P ho.phonic acid, propane- 1. 1, 3 . 3-t.trapho.phonlc 
acid, propan-i.i.2.3- tetraphcphonic acid, and propane- 
1,2,2.3- t.trapho.phonic acid; (4) vat.r-.oluble .alt. of 
polycarboxylate polymer, and co-poly»e r . a. de.cribed in 
US-A-3 308 067. 

In addition, polycarboxylat. builder, can be used 
-ati.factorily. including water-soluble .alt, of mellitic 
acid, citric acid, and carboxvmethyloxy.uccinic acid and 
salt, of pol^r. of itaconic acid and mal.lc acid. Certain 
leolite. or alumino.ilicat.s can be used. On. .uch 
aluBinoaiiicate which is useful in the compositions of the 
invention is an amorphous water-insoluble hydrat.d co.pound 
of he formula Na, ;y Al0 2 .si0 2 > '. wh rein x is a number fro. i.o 
to 1.2 and y is I, said amorphous mat rial being furth r 
characterized by an exchange capacity of from about 50 

mg eq. CaCOj/g and a particle diameter of from about 0.01 
-nxcron to about 5 microns. This ion- xchange builder is mor 
fully describ d in CB-A-1 470 250. 
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A second water* insoluble synthetic a lun inos 1 1 icate ion- 
exchange material useful herein is crystalline in nature and 
has the formula Na t ( (Al0 2 ) y . <si0 2 ) JxHjO, wherein z and y are 
integers of a least 6; the molar ratio of z to y is in the 
ranqe from 1.0 to about 0.5, and x is an integer from about 
15 to about 264; said aluninosilicate ion-exchange material 
having a particle size diameter from about 0.1 micron to 
about 100 microns; a calcium ion-exchange capacity on an 
anhydrous basis of at least about 200 milligrams equivalent 
of CaC0 3 hardness per gram; and a calcium-exchange rate on an 
anhydrous basis of at least about 2 grams/gal ion/rainute/gram. 
These synthetic aluminosilicates are more fully described in 
GB-A-1 429 143. 

Mutant Subtilisin Proteaao 

Proteins exist in a dynamic equilibrium between a folded, 
ordered state and an unfolded, disordered state. This 
equilibrium in part reflects the short range interactions 
between the different segments of the polypeptide chain which 
tend to stabilize the protein's structure, and, on the other 
hand, those thermodynamic forces which tend to promote the 
randomization of the molecule. 



The largest class of naturally occurring proteins is made up 
of enzymes* Each enzyme generally catalyses a different kind 
of chemical reaction, and is usually highly specific in its 
function. Enzymes have been studied to determine correlations 
between the three-dimensional structure of the enzyme and its 
activity or stability. 

The amino acid sequence of an enzyme determines the 
characteristics of the enzyme, and the enzyme's amino acid 
sequence is specified by the nucleotide sequence of a gene 
coding for the enzyme. A change of the amino acid sequence of 
an enzyme may alter the enzyme's properties to varying 
degrees, or may even inactivate the enzyme, depending on the 
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location, nature and/or magnitude of the change in the amino 
acid sequence. 

Although there nay be slight variations in a distinct type of 
naturally occurring enzyme within a given species or 
organism, enzymes of a specific type produced by organisms of 
the same species generally are substantially identical with 
respect to substrate specificity, thermal stability, activity 
levels under various conditions(e.g. temperature and pH) , 
oxidation stability, and the like. Such characteristics of a 
naturally occurring or "wild-type" enzyme are not necessarily 
optimized for utilization outside of the natural environment 
of the enzyme. It may thus be desirable to alter a natural 
characteristic of an enzyme to optimize a certain property of 
the enzyme for a specific use, or for use in a specific 
environment. 

Amino acids are naturally occurring compounds that are the 
building blocks of proteins. The natural amino acids are 
usually abbreviated to either three letters or one letter. 
The most common amino acids, and their symbols, are given in 
Table 1. The amino acids are joined head to tail to form a 
long main chain. Each kind of amino acid has a different side 
group. 
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Table 1. Amino acid names and abbreviations 



Amino acid 


Three letter code 


S ingle letter 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Aspartic acid 


Asp 


D 


Asparagine 


Asn 


N 


Cysteine 


Cys 


C 


Glutamic acid 


Glu 


E 


Glutaaine 


Gin 


Q 


Glycine 


Gly 


G 


Hist xdme 


HIS 


n 


Isoleucine 


I le 


T 
I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 
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All anino acids have the same atoms in the main chain and 
differ only in the side chains. The main-chain atoms are a 
nitrogen, two carbons, and one oxygen. The first atom is the 
nitrogen, called N . The next atom is a carbon and is called 
the alpha-carbon, side groups are attached to this 
alpha -carbon. The alpha-carbon is connected to the carbonyl 
carbon which is called C. C is connected to the carbonyl 
oxygen (called O) and to the N of the next residue. The side 
group atoms are given names composed of the symbol for the 
element (C, 0, N, S) , a Greek letter (alpha, beta, gamma, 
delta, epsilon, zeta and eta), and perhaps an Arabic numeral 
if the side group is forked. 

The subtil is in enzymes used in the detergent compositions of 
this invention have been modified by mutating the various 
nucleotide sequences that code for the enzymes. Use of the 
modified subtil isin enzymes provides enhanced stability in 
the compositions. 

The subtilisin enzymes of this invention belong to a class of 
enzymes known as proteases. A protease is a catalyst for the 
cleavage of peptide bonds. An example of this cleavage is 
given below: 




H 



N 



N 



H 



H 



H 



♦H 2 0 



protease 




OH 




N 



H 



H 



H 
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One type of protease is a serine protease. A serine protease 
will catalyse the hydrolysis of peptide bonds in which there 
is an essential serine residue at the active site. Serine 
proteases can be inhibited by phenylmethyl sulphony If luor ide 
and by di isopropy If luoro phosphate. 

A subtil isin is a serine protease produced by Gram positive 
bacteria or by fungi. The amino acid sequences of seven 
subtilisins are known. These include five subtilisins from 
PacillM? strains (subtilisin BPN ' , subtilisin Carlsberg, 
subtilisin DY, subtilisin amy losacchar iticus, and 
mesenticopeptidase) . (Vasantha gt aJL. , "Gene for alkaline 
protease and neutral protease from Bacillus amyloliguef aciens 
contain a large open-reading frame between the regions coding 
for signal sequence and mature protein, " J. Bacterid. 
152i811~819_(l984) ; Jacobs et al . . "Cloning sequencing and 
expression of subtilisin Carlsberg form Bacillus 
liChenifprnU, "Hucleic Acids Res. 13:8013-8926 (1985); 
Nedkov et al.. "Determination of the complete amino acid 
sequence of subtilisin DY and its comparison with the primary 
structures of the subtilisin BPN # , Carlsberg and 
amylosacchariticus, " Biol. Chem. Hoppe-Sevler 366:421-430 
(1985); Kurihara et al., "Subtilisin amylosacchariticus," 
J. Biol. Chem. 247:5619-5611 (1972); and Svendsen et al . . 
"Complete amino acid sequence of alkaline mesenterico- 
peptidase," FEBS Lett. 12^:228-232 (1986)). 

The amino acid sequence of the subtilisin thermitase from 
Thermoactinomyce s vulgar is is also known (Meloun et al . . 
"Complete primary structure of thermitase from 
Thermoactinomyc s vulgaris and its structural features 
related to the subtilisin-type proteases," FEBS Lett. 
10:195-200 (1985)). The amino acid sequences from two fungal 
proteinases are known: Proteinase K from Tritirachium album 
(Jany et al., "proteinase K from Tritirachium album Limber," 
pjol. Chen. Hoppe-Sevler 366:485-492 f!9&5)) and 
thermomycolase from the thermophilic fungus, Ma Ibranchea 
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PMKhelU (Gaucher et aj. , "Endopept idases : Thermomycol in, " 
Methods Enzvmr>t_ .^•iH-iu (1976)). 

These enzymes have been shown to be related to subtil isin 
BPN', not only through their primary sequences and 
enzyraological properties, but also by comparison of x-ray 
crystal lographic data. (McPhalen et al . . "Crystal and 
molecular structure of the inhibitor eglin from leeches in 
complex with subtilisin Carlsberg," FEBS Lett. 
(1985) and Pahler et a}., "Three-dimensional structure of 
fungal proteinase K reveals similarity to bacterial 
subtilisin, " EM BO J. 3 :nn-nu (1984).) 

The mutated enzymes used in the compositions of the 
invention may be introduced into any serine protease which 
has at least 50% and preferably 80% amino acid sequence 
homology with the sequence referenced above for subtilisin 
BPW, subtilisin Carlsberg, subtilisin DY, subtilisin 
amylosacchariticus, mesenticopeptidase, thermitase, 
proteinase K, or thermomycolase, and therefore may be 
considered homologous. 

Thus, the mutated subtilisin enzymes used in the detergent 
composition of this invention have at least one of the 
specific amino acid position substitutions shown in Table 2. 
In Table 2, the naturally occurring amino acid and position 
number is given first with the arrow to the right indicating 
the amino acid substitution. The mutations were made using 
subtilisin BPN'. However, as explained herein, these 
mutations can be introduced at analogous positions in other 
serine proteases using ol igonucleotide-directed mutagenesis. 
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Mutations in subtilisin BPN * 



1 


Val8 


- > 


I le 






2 


Thr22 


— > 


Cys f 
* * 


Ser87 - 


> Cys 


3 


Thr22 


- > 


Lys . 


Asn76 - 


> Asd 


4 


Met50 


- > 


Phe 






5 


Ser53 


- > 


Thr 






6 


Ser63 


- > 


Asp , 


Tyr 2 I 7 


— > Lvs 


7 


Asn76 


- > 


Asd 






8 


Ser78 


- > 


ASD 






9 


Tyr 104 


-> 


Val , 


Gly 128 


- > Ser 


10 


Alal 16 


-> 


Glu 






11 


Leul26 


-> 


lie 






12 


Glyl31 


-> 


Asp 
* 






13 


Clyl66 


-> 


Ser 






14 


Glyl69 


-> 


Ala 






15 


Prol72 


-> 


Asp 






16 


Prol72 


-> 


Glu 






1 7 


C av- IRQ 




riO 






18 


Gln206 


-> 


Cys 






19 


Gln206 


-> 


Tyr 






20 


Ala216 


-> 


Cys, 


Gln206 


-> Cys 


21 


Tyr217 


-> 


Lys 






22 


Tyr217 


-> 


Leu 






23 


Asn218 


-> 


Asp 






24 


Gln206 


-> 


Tyr 






25 


Ser248 


->> 


Asp, 


Ser249 


-> Arg 


26 


Thr254 


-> 


Ala 






27 


Gln271 


-> 


Glu 







30 

In general, stability of a mutated subtilisin in a given 
composition is expressed as the half life of the enzyme in 
hours at a given temperature, e.g. 37*C. 



35 



Table 3 shows the strain designation of the host cell 
secreting the mutated subtilisin enzymes. 
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Table 3 

Mutate d Subtilisin BPN 1 Fn7ymoc 



10 



st| Tain Mutation 
0X7130 Wild type 

GX7174 VAL8->ILE 
0X7175 GLY169->ALA 
GX7181 ASN218->ASP 

THR22->CYS 
SER87->CYS 
GX7186 ASN218->SER 

THR2 2->CYS 
SER87->CYS 
GLY169->ALA 

15 GX7195 TYR217->LYS 
GX7199 THR22->CYS 

SER87->CYS 
GLY169->ALA 
PR0172->ASP 
20 GX8303 MET50->PHE 
GX8309 SER248->ASP 

SER249->ARG 

GX8314 GLN206->CYS 
GX8321 THR22->CYS 
25 SER87->CYS 

GLY169->ALA 
MET50->PHE 
TYR217->LYS 
ASN218->SER 
30 GX8324 THR22->CYS 

SER87->CYS 
GLY169->ALA 
MET50->PHE 
TYR217->LYS 

35 ASN218->SER 

GLN206->CYS 

GX833 ° TYR217->LEU 



GX83 3 6 GLN206->TYR 
GX8150 MET50->PHE 

GLY169->ALA 
GLN206->CYS 
rYR217->LYS 
ASN218~>SER 
ASN76->ASP 

GX8352 SER63->ASP 

TYR217->LYS 

GX83 54 GLN271->GLU 
GX8363 THR22->LYS 

ASN76->ASP 

GX8372 MET50->PHE 

GLY169->ALA 
GLN206->CYS 
TYR217->LYS 
ASN76->ASP 
SER78->ASP 
ASN218->SER 

GX8376 TYR104->VAL 

GLY128->SER 

GX7 1 4 8 GLY 1 3 1 - > ASP 

GX7 150 ASN2 18->SER 

GX7164 ASN218->ASP 
GX7178 SER188->PRO 
GX7188 ALA116->GLU 
GX7189 LEU126->ILE 
GX8 3 01 ASN2 18->SER 

GLY166->SER 
GX8305 SER53->THR 
GX8306 ASN218->SER 

THR254->ALA 

GX8315 ASN218->SER 

GLY131->ASP 
THR254->ALA 

GX7159 THR22->CYS 

SER87->CYS 
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GX830" 



GX7172 
GX8312 
GX8347 
GX8364 
GX8373 



GX8397 



GX8398 



GX8399 



GLN206->CYS 

SER87->CYS 

ALA216->CYS 

PR017 2->ASP 

PR017 2->GLU 

ASN76->ASP 

SER78->ASP 

ASN218->ASP 

MET50->PHE 

GLY169->ALA 

GLN206->CYS 

TYR217->LYS 

ASN76->ASP 

SER78->ASP 

MET50->PHE 

ASN7 6->ASP 

GLY169->ALA 

GLN206->CYS 

ASN218->SER 

MET50->PHE 

ASN76->ASP 

GLN206->CYS 

TYR217->LYS 

ASN218->SER 

MET50->PHE 

ASN76->ASP 

ASN218->SER 

GLN206->CYS 



The subtilisin enzyme mutations, shown in Tables 2 and 3, can 
be made on other proteases which are closely related, 
subtilisin Carlsberg for example. Closeness of relation is 
measured by comparison of amino acid sequences. There are 
many methods of aligning protein sequences, but the 
differences are only manifested when the degree of 
relatedness is quite small. The methods described in Atlas of 
Protein Seauence and Structure- Marcraret 0. Davhoff editor, 
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Vol. 5, Supplement 2, 1976 / National Biomedical Research 
Foundation, Georgetown University Medical Center, Washington, 
D.C., p. 3 ff., entitled SEARCH and ALIGN, define 
relatedness. As is well known in the art, related proteins 
5 can differ in number of amino acids as well as identity of 
each amino acid along the chain. That is, there can be 
deletions or insertions when two structures are aligned for 
maximum identity. For example, subtilisin Carlsberg has only 
274 amino acids, while subtilisin BPN* has 275 amino acids. 

10 Aligning the two sequences shows that Carlsberg has no 

residue corresponding to ASN56 of subtilisin BPN • . Thus the 
amino acid sequence of Carlsberg would appear very different 
from BPN' unless a gap is recorded at location 56. Therefore 
an analogous substitution of position 218 of BPN 1 may be made 

15 at location 218 of subtilisin Carlsberg, provided that the 
residues in Carlsberg are numbered by homology to BPN'. 

In general, one should not transfer mutations if either 
subtilisin has a gap at, or immediately adjacent to, the site 

20 of the mutation. Therefore, after aligning the amino acid 
sequences, those mutations at, or next to, gaps should be 
deleted from the list of desirable mutations and the mutation 
is not made. One can use this reasoning to transfer all of 
the thermostable mutations described herein to other 

25 homologous serine proteases. 

In brief, in order to introduce the mutation (s) for the 
subtilisin, the gene coding for the desired subtilisin 
material generally is first isolated from . ;s natural source 

30 and cloned in a cloning vector. Alternatively, mRNA which is 
transcribed from the gene of interest can be isolated from 
the source cell and converted into cDNA by reverse 
transcription for insertion into a cloning vector. A cloning 
vector can be a phage or plasmid, and generally includes a 

35 replicon for autonomous replication of the vector in a micro- 
organism independent of the genome of the micro-organism. A 
cloning vector advantageously includes one or more phenotypic 
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markers, such as DNA coding for antibiotic resistance, to aid 
in selection of micro-organisms transformed by the vector. 



Procedures for insertion of DNA or cDNA into a vector for 
cloning purposes are well known in the art. These procedures 
generally include insertion of the gene coding for the 
subtilisin material into an opened restriction endonuclease 
site in the vector, and may involve addition of homopolymeric 
tails of deoxynucleotides to the ends of the gene and linking 
the gene to opened ends of a cloning vector having 
complementary homopolymeric tails. A subtilisin gene can then 
be mutated by oligonucleotide-directed mutagenesis. 
Oligonucleotide-directed mutagenesis, also called site- 
directed mutagenesis, is described in detail in Bryan et al . . 
Proc T Natl. Acad. Sci. USA A3 : 37A-t-n74* (1986), incorporated 
herein by reference. 

The protease used in these compositions is used in an 
amount sufficient to have an activity of 0.01 to 100,000 GU/g 
based on the final composition. A GU is a glycine unit, which 
is the amount of proteolytic enzyme which under standard 
incubation conditions produces an amount of terminal 
NH 2 -groups equivalent to 1 microgramme/ml of glycine. 

Water 

Finally, except for the stabilizer and optional components 
described below, water comprises the remainder of the 
compositions. Generally, the amount of water will vary from 
30-80% of the composition although this will depend on the 
amount of actives and the ingredients used. 

Stabilizer 

Another component which may be optionally used in the 
compositions of the invention is a stabilizer or stabilizer 
system. The improvements in stability of the invention can be 
demonstrated in systems with or without enzyme stabilization 
systems although it is preferred that such systems be used. 
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When present, th stabilizati n system compris s from about 
0.1 to about 15% of the composition. 

The enzyme stabilization systems may comprise calciuo ion, 
5 boric acid, propylene glycol and/or short chain carboxylic 

arids. The composition preferably contains from about 0.01 to 
about 50, preferably from about 0.1 to about 30, more 
preferably from about 1 to about 20 millimoles of calcium ion 
per liter. 

10 

When calcium ion is used, the level of calcium ion should be 
selected so that there is always some minimum level available 
for the enzyme after allowing for complexation with builders, 
etc. in the composition* Any water-soluble calcium salt can 

15 be used as the source of calcium ion including calcium 
chloride, calcium formate, calcium acetate, and calcium 
propionate. A small amount of calcium ion, generally from 
0.05 to about 2.5 millimoles per liter, is often also present 
in the composition due to calcium in the enzyme slurry and 

20 formula water. 

Another enzyme stabilizer which may be used is propionic acid 
or a propionic acid salt capable of forming propionic acid. 
When used, the stabilizer may be used in an amount from about 
25 0.1% to about 15% by weight of the composition. 

Another preferred enzyme stabilizer is polyols containing 
only carbon, hydrogen and oxygen atoms. They preferably 
contain from 2 to 6 carbon atoms and from 2 to 6 hydroxy 
30 groups. Examples include propylene glycol (especially 1,2 

propanediol which is preferred), ethylene glycol, glycerol, 
sorbitol, mannitol and glucose. The polyol generally 
r pr s nts from about 0.5% t about 15%, preferably from 
about 1.0% to about 8% by w ight of the composition. 

The composition h rein may also optionally contain from about 
0.25% to about 5%, most pr ferably from about 0.5\ to about 
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3% by weight of boric acid* The boric acid may be, but is 
preferably not, formed by a compound capable of forming boric 
acid in the composition. Boric acid is preferred, although 
other compounds such as boric oxide, borax and other alkali 
5 metal borate (e.g. sodium ortho-, meta-, and pyroborate and 
sodium pentaborate) are suitable. Substituted boric acids 
(e.g. phenylboronic acid, butane boronic acid and p-bromo 
phenylboronic acid) can also be used instead of boric acid. 

10 One especially preferred stabilization system is a polyol in 
combination with boric acid. Preferably, the weight ratio of 
polyol to boric acid added is at least 1, more preferably at 
least 1.3. 

15 Optional Components 

In addition to the ingredients described hereinbefore, the 
preferred compositions herein frequently contain a series of 
optional ingredients which are used for the known 
functionality in conventional levels. While the inventive 

20 compositions are premised on aqueous enzyme-containing 

detergent compositions, it is frequently desirable to use a 
phase regulant. This component, together with water, then 
constitutes the solvent matrix for the claimed liquid 
compositions. Suitable phase regulants are well known in 

25 liquid detergent technology and, for example, can be 

represented by. yhydrotropes such as salts of alkylaryl- 
sulfonates having up to 3 carbon atoms in the alkylgroup, 
e.g. sodium, potassium, ammonium and ethanolamine salts of 
xylene-, toluene-, ethyl benzene-, cumene-, and 

30 isopropylbenzene sulfonic acids. Alcohols may also be used as 
phase regulants. This phase regulant is frequently used in an 
amount from about 0.5% to about 20%, the sum of phase 
regulant and wat r is normally in the range from 35% to 65%. 



35 



The preferred compositions herein can contain a series of 
further optional ingredients which are mostly used in 
additive levels, usually below about 5%. Examples of the like 
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additives include: poiyacids. suds replants, opacifiers 
antioxidants, bactericides h™ . ' 

the like, dyes, perfumes, brighteners and 

The beneficia! utilization of the claims compositions under 
10 " S ^ «"«tions can require the utilization of a 

can be utilized, preferred for use herein are alkylated 

TeZlt n? aS " also frequently 

termed sili< ones. The silicones are frequently used In a 
level not exceeding o.s«, most preferably between o.on ind 

It can also be desirable to utilize opacifiers inasmuch as 
they contribute to create a uniform appearance of the 

su"ta 8 Me ated -t^ '""^ Samples of 

as "^:„ :;r : inciude: - oi ^«- — .r^u. knmin 

Th. . »anufa=tured by MONSANTO CHEMICAL corporatioh 

The^opacifiers are frequency used in an amount from 0 " to 

lor Zr k iti0nS he " in alS ° C ° ntain kn ™ -"oxidants 
for their known utility, frequently radical scavengers in 
the art established ieveis, i.e. ..oon to ,. J5 , 
reference to tota! composition,. These antioxidants are 
frequently introduced in conjunction with fatty acids 

The compositions of the invention may also contain other 

a 7 ::: ::T ltion to the proteas ~ °< ^ ** 

-y be used an<i ° eUUlaSeS - Hhe " ««-*. these enzymes 

compo^itlol a "° Unt fr °" ab ° Ut t0 ••»"' » th. 

co"ntaL r s ef I n rred H e " b0<,lBent °' inVe " ti0n - the Emulation 

contains ingredients in the following ratio: 
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Ingredients % by Weigh s 

Linear alkylbenzene sulphonate 8-12 

Alcohol ethoxylate 6-10 

Alcohol ethoxysulphate 4- 8 

5 Builder 5-10 

Sodium xylene sulphonate 1- 5 

Monoethanolamine 1-3 

Tr iethanolamine 1- 3 

Mutant protease enzyme * 

10 Calcium chloride dihydrate 0- 0.1 

Minor ingredients < 1.0 
Water balance to 100 

PH 9.0-12.0 

15 * as required to provide activity of 0.01 to 100,000 GU/g, 
based on final composition. 

In an especially preferred embodiment of this aspect of the 

invention, the mutant protease used in the above- formulated 
20 composition is GX 8379. 

In a second preferred embodiment of the invention, the 

formulation contains ingredients in the following ratio: 

25 Ingredients % bv Weight 

Linear alkylbenzene sulphonate 8-12 

Alcohol ethoxylate 6-10 

Alcohol ethoxysulphate * 4- 8 

Builder 3-7 

30 Sodium xylene sulphonate 1- 5 

Tr iethanolamine 1- 5 

Borax pentahydrate 1- 5 

Propylene glycol 2- 6 

Calcium chloride dihydrate 0.035 

35 Mutant protease enzyme * 

Minor ingredients < 1.0 

Water balance to 100 



PH 
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9.0-12.0 
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* as required to provide activity of 0.01 to 100,000 CU/g, 
based on final composition. 

5 

In an especially preferred embodiment of this aspect of the 
invention, the mutant protease used in the above-formulated 
composition is GX 8379. 

10 Product oh 

The pH of the compositions of the invention is from about 9 
to about 12, preferably 9.5 to 11, most preferably 9.5 to 
10.5. 

15 The following examples are intended to illustrate the 

invention and facilitate its understanding and are not meant 
to limit the invention in any way. 

20 EXAMPLE 1 

The stability of various wild-type subtilisins were compared 
to mutant subtilisin strain GX8397 (subtilisin with 5 amino 
acid mutations) in the following formulations without 
stabilizer and with builder: 

25 

Anionlc-rich formulation a 

Linear alkylbenzene sulphonate 

Alcohol ethbxylate 
30 Alcohol ethoxysulphate 

Sodium citrate 

Sodium xylene sulphonate 

Monoethanolamine 

Triethanolamine 
35 Mutant protease enzyme 

Calcium chloride dihydrate 

Minor ingredients 



10.0 
8.0 
6.0 
7.0 
3.0 
2.0 
2.0 

0.03 r , 
0.5 
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Water balance to 100 

P" 10 

* as required to provide activity of 0.01 to 100,000 GU/q. 
based on final composition. 

£nXYBia Half-life at 37*C fhrff) % Improve r, 

Savinase (from Novo) 119 
Alcalase (from Novo) 49 
Wild type BPN« (from Novo) 89 

GX 8397 440 269 . 

♦Relative to Savinase; relative to Alcalase, improvement was 
797% and relative to BPN • , the improvement was 394%. 

AnioniC-rich formulation ft 

W t,t 

Linear alkylbenzene sulphonate 10. 0 

Alcohol ethoxylate 80 

Alcohol ethoxy sulphate 6 . 0 

Sodium citrate 5 0 

Sodium xylene sulphonate 2 .5 

Triethanolamine 3>0 

Borax pentahydrate 2 .4 

Propylene glycol 4 0 

Calcium chloride dihydrate 0.035 
Mutant protease enzyme 
Minor ingredients 



< 1.0 



Water 

balance to 100 
PH 9.8 
* as required to provide activity of 0.01 to 100,000 GU/g, 
based on final composition. 



SO^mS Half-life at 37° C fhrs) % Improv^ni- 

Savinase (from Novo) 197 

GX 8397 500 153 
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As can be seen from the results above, the stability of the 
mutant strain GX8397, measured as the half-life of the enzym 
at 37-c, was significantly greater in the anionic rich, high 
pH compositions of the invention compared to the wild-type 
and/or commercially available enzymes tested in the same 
formulations. 

EXAMPLE 3. 

The stability of wild-type BPN ' was compared to mutant 
subtilisins with 6 or fewer amino aciu mutations in 
formulation A. 

No. Of Amino A^i^ 

EAiYJBg Subst i tut i on Half-Hf„ ^ 37 »r , hr <p 

wildtype BPN • 0 73 



GX 8350 6 

GX 8397 5 

GX 8398 5 

GX 8399 4 

GX 7160 i 

GX 7175 x 

GX 7195 2 

GX 8303 1 

GX 8314 1 

GX 8347 1 



441 

523 
459 

380 
135 

103 

120 
125 
145 

155 



The results show that the stability of the mutant enzymes was 
clearly superior to wild-type BPN* in the composition of the 
invention. The example also shows that stability was 
significantly improved even when the enzyme was mutated in as 
few as 1 amino acid site. 

EXAMPf.F -> 

The stability of Savinase enzyme was compared to GX 8350 
(subtilisin with 6 amino acid mutations) in Formul^ion A 
with and without builder (i.e. 7.0% sodium citrate). 
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Half-life at 37«c (hrs) 

Formu l at i on A Sa v inaae, gx 835o 

with builder 123 441 

without builder 246 410 

The results show that the stability of GX 8350 is not signi- 
ficantly affected by builder, while the presence of a builder 
in formulation A has a major impact on Savinase stability. 

EXAMPLE 4 

The stability of various subtilisins were compared to GX 8350 
(subtilisin with 6 amino acid substitutions) in Formulation A 
with varying amounts of enzyme stabilizer. 

Half-Life At 17QQ fhoural 



Hfl luZ Hill 

£n£2Hfi Stabiliser ataJiiUiSr. stabilizer 

BPN' 77 190 427 

Savinase 119 350 732 

Alcalase 49 105 198 

GX 8350 433 1022 2300 



The stabilizer system used in the above examples was a 
propylene glycol/borax stabilizer system. The 1/2 stabilizer 
system comprises 2.12% propylene glycol and 1.33% borax 
(introduced as sodium borate tetrahydrate) and the full 
stabilizer system comprises 4% propylene gly^ .1 and 2.7% 
borax (also introduced as sodium borate tetrahydrate) . All 
percentages were by weight. 

These results show that the stability of enzymes tested is 
improved with the use of stabilizer (although use of the 
stabilizer is not required). The stability in formulation A 
was much greater, with or without stabilizer, when GX8350 
enzyme was used. 



THE EMBODIMENTS OP THE INVENTION IN HHTfH »u .»„, 

PROPERTY OR PRIVILEGE « r.J5g! SnSS,, 



or trUtTt deter,ent ««-P-lt»on havin, . p „ ln tne ra 

zlllTi T C ° ab ° Ut 12 0 "I"*-'"* th. fonovin,. 

ingredients * "» 



Inaredipnfe 

% bv Weight 

Linear alkylbenzene sulphonate 
Alcohol ethoxylate 
Alcohol ethoxysulphate 
Builder 

Sodium xylene sulphonate 
Monoethanolamine 
Triethanolamine 
Mutant protease enzyme 
Calcium chloride dihydrate 
Minor ingredients 
Water 



6-10 

4- 8 

5-10 

1- 5 

1- 3 

1- 3 
* 

0- 0.1 
< 1.0 
balance to 100 



based on final composition. 

2- A liquid detergent composition according to claim l 

Z <1 SUbtUiSi " *«- Strait CX.3S0 and „as 

the following substitutions: 

MET50->PHE 

GLY169->ALA 

GLN206->CYS 

TYR217->LYS 

ASN218->SER 

ASN76->ASP 

3. A liquid detergent composition according to claim 1 

MET50->PHE 
ASN76->ASP 
GLY169->ALA 



GLN206->CYS 
ASN218->SER 
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t.U»i™ .utatil de " Ved fr °" GX " 98 — the 



following mutations: 
MET50->PHE 
ASN76->ASP 
GLM206->CYS 
TYR217->LYS 
ASN218->SER 



«.e roxxowin, it":::,^ erived fron st - in 

MET50->PHE 
ASN76->ASP 
ASN218->SER 
GLN206->CYS 

Linear alfcyibenzene sulpnonate ^ 

Alcohol ethoxylate 

Alcohol ethoxysulphate 

Sodium citrate 

Sodium xylene sulpnonate 
Monoe thano lam ine 
Triethanolamine 
Mutant protease enzyme 
Calcium chloride dihydrate 

Minor ingredients °*° 35 
Water °- 5 
pH balance to 100 

10 

^^^^ to — 



8.0 
6.0 
7.0 
3.0 
2.0 
2.0 
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e. A liquid detergent composition according to claim x 
add ltl on.lly comprising 0.5 to about l 5% by height o an' 
«n*yme stabili«r as en*yme stabilisation system 



9. 



st,bit i ° 0 '" >0Sl " 0n aCC ° rdlng to •'. "herein the enzyme 

stabxuzer xs propionic acid or a propionic acid salt cabbie 
of forming propionic acid. capable 

10 A composition according to claim !. wnerein th „ g 
stabx Uzer ls an enzyme stabilizer system comprising 
propylene glycol and boric acid. 

11- A liquid detergent composition having a oH i„ 

... *> about l,o compri^^ 

Linear alkylbenzene sulphonate Q T 12 ^^ 
Alcohol ethoxylate 
Alcohol ethoxysulphate 
Builder 

Sodium xylene sulphonate 
Triethanolamine 
Borax pentahydrate 
Propylene glycol 
Calcium chloride dihydrate 
Mutant protease enzyme 
Minor ingredients 

< 1.0 

Water 

balance to 100 

pH 

* as required to provide activity of o^i^ioo ooo- co/a 
based on final composition. 100,000 cu/g, 

12. A liquid detergent composition according to claim 11 
wherein the subtilisin i«* ^ * claim 11, 

the • C111Sin 15 derived from Strain GX8350 and has 

the following substitutions: 

MET50->PHE 
GLY169->ALA 
GLN206->CYS 



8-12 
6-10 
4- 8 
3- 7 
1- 5 
1- 5 
1- 5 
2- 6 
0.035 
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TYR217->LYS 
ASN218->SER 
ASN76->ASP 

13. A liquid detergent composition according to claim 11, 
wherein the subtilisin is derived from Strain GX8397 and has 
the following mutations: 

MET50->PHE 

ASN76->ASP 

GLY169->ALA 

GLN206->CYS 

ASN218->SER 

14. A liquid detergent composition according to claim 11, 
wherein the subtilisin is derived from GX8398 and has the 
following mutations: 

MET50->PHE 

ASN76->ASP 

GLN206->CYS 

TYR217->LYS 

ASN218->SER 

15. A liquid detergent composition according to claim 11, 
wherein the subtilisin is derived from Strain GX8399 and has 
the following mutations: 

MET50->PHE 
ASN76->ASP 
ASN218->SER 
GLN206->CYS 

16. A liquid detergent composition 
comprising the following: 
Linear alkylbenzene sulphonate 
Alcohol ethoxylate 
Alcohol ethoxysulphate 
Sodium citrate 
Sodium xylene sulphonate 



according to claim 11, 

10.0 
8.0 
6.0 
5.0 
2.5 



fi '» 'J 



C 6132 (R) 

Triethanolamine 3.0 

Borax pentahydrate 2.4 

Propylene glycol 4 . 0 

Calcium chloride dihydrate 0.035 

Mutant protease enzyme * 

Minor ingreients < l.o 

Water balance to 100 

PH 9.8 

* as required to provide activity of 0.01 to 100,000 GU/g, 

based on final composition. 

17. A liquid detergent composition according to claim 16, 
wherein the mutant protease is GX 8397. 

******* 



- , .. -J :} V 



18. A l iquid detergent fls cUimed ^ ciaim i ^ 
substantially as described herein. 



